A Gram-stain-positive, rod-shaped, endospore-forming, aerobic bacterium, designated strain FJAT-27997 T , was isolated from the rhizosphere soil of a Loiseleuria plant collected from Sichuan province in China. Growth was observed aerobically between 20 and 35 C (optimum 30 C), between 0 and 3.0 % (w/v) NaCl (optimum at 0 %) concentration and pH in the range 6.0-9.0 (optimum at pH 7.0). The cell-wall peptidoglycan contained meso-diaminopimelic acid and the major isoprenoid quinone was menaquinone MK-7. The main fatty acids were iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 14 : 0 , C 16 : 0 and C 14 : 0 . The main polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. Phylogenetic analyses based on 16S rRNA gene sequences showed that isolate FJAT-27997 T was a member of the genus Bacillus and was related most closely to Bacillus simplex DSM 1321 T (97.95 % similarity), followed by Bacillushuizhouensis GSS03 T (97.9 %). The average nucleotide identity value between strain FJAT-27997 T and the most closely related species, B. simplex DSM 1321 T , was 71.60 % (JSpecies), less than the previously proposed cut-off value of 96 % for differentiating species within the genus. The in silico DNA-DNA hybridization values between strain FJAT-27997 T and its most closely related species were <70 %, again indicating they belong to different taxa. The main fatty acids were iso-C 15 : 0 and anteiso-C 15 : 0 . The novel strain could be differentiated from other known Bacillus species on the basis of several phenotypic characters and fatty acid profiles. This taxononomic/genomic study revealed that strain FJAT-27997 T represents a novel Bacillus species, for which the name Bacillus loiseleuriae sp. nov. (type strain FJAT
The genus Bacillus belongs to the domain Bacteria, phylum Firmicutes, class Bacilli, order Bacillales and family Bacillaceae, and includes rod-shaped, endospore-forming, facultatively aerobic, Gram-positive bacilli (Logan & De Vos, 2009) . Bacillus is a diverse bacterial genus characterized by cells growing aerobically and forming dormant endospores that are resistant to heat, radiation, disinfectants and desiccation, resulting in high tolerance to a wide range of ecological environments (Nicholson, 2002) . With the last review of the genus, 301 recognized species are given on the List of Prokaryotic names with Standing in Nomenclature, Euz eby, 2015 .
In traditional microbial taxonomy, phenotypic characterization tends to overestimate the relevance of species, thus hampering establishment of the true incidence of other new or rare species (Nielsen et al., 1995; Fritze, 2004) . Molecular identification of Bacillus species using the 16S rRNA gene can also have limitations due to the high interspecies sequence similarity of this gene (96.7-100 %) and the presence of rrn microheterogeneities (Stackebrandt & Ebers, 2006; Maughan & Van der Auwera, 2011; Meier-Kotloff, et al., 2013; Liu et al., 2014) . During a survey carried out in rhizosphere soils to determine the abundance of cellulosedegrading bacteria, many Bacillus strains were isolated and identified based on partial sequences of the 16S rRNA gene. The result of 16S rRNA gene sequence analysis showed that one of these strains (FJAT-27997 T ) did not cluster directly and could not be assigned to any of the known Bacillus species. The aim of the present study was to use a polyphasic †These authors contributed equally to this work.
Abbreviations: ANI, average nucleotide identity; isDDH, in silico DNA-DNA hybridization.
The GenBank/EMBL/DDJB accession numbers for the 16S rRNA gene and genome sequence of strain FJAT-27997 T are KT362910 and LFZW00000000, respectively. approach (taxono-genomics, Ramasamy et al., 2014) to characterize this potential novel species.
Genomic DNA was extracted from a single colony of the strain grown on tripticase soy agar (TSA) plates at 30 C for 24 h using a bacterial genomic DNA extraction kit (Shanghai Generay Biotech) according to the manufacturer's instructions. The 16S rRNA gene was amplified and sequenced using the primers and conditions described previously (Liu et al., 2014) . Pairwise sequence similarities were calculated using a global alignment algorithm implemented in the EzTaxon-e database (http://eztaxon-e.ezbiocloud.net/, Kim et al., 2012) . After multiple alignments of the data by CLUSTAL X (Thompson et al., 1997) , phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximumlikelihood (Felsenstein, 1981) methods implemented with MEGA version 5 (Tamura et al., 2011) . Evolutionary distances were computed according to the Jukes-Cantor model (Jukes & Cantor, 1969) . The reliability of each branch was evaluated by bootstrap analysis based on 1000 replications (Felsenstein, 1985) .
An almost-complete 16S rRNA gene sequence (1416 bp, GenBank accession number KT362910) of the strain was determined. Phylogenetic analysis using the maximumlikelihood algorithm revealed that strain FJAT-27997 T represented a separate lineage ( Fig. 1) belonging to the genus Bacillus. Pairwise comparisons indicated that strain FJAT-27997 T was related most closely to Bacillus simplex DSM 1321 T (97.95 % 16S rRNA gene sequence similarity), followed by Bacillus huizhouensis GSS03 T (97.9 %), Bacillus frigoritolerans DSM 8801 T (97.8 %), Bacillus butanolivorans K9 T (97.7 %), Bacillus muralis LMG 20238 T (97.7 %) and Bacillus psychrosaccharolyticus ATCC 23296 T (97.2 %). All other type strains shared less than 97 % 16S rRNA gene sequence similarity. The phylogenetic position was also confirmed in the trees generated using the neighbourjoining ( Fig. S1 , available in the online Supplementary Material) and minimum-evolution ( Fig. S2 ) algorithms.
To confirm the 16S rRNA results, a more complete analysis was performed using the concatenated sequence of core genes from the whole genome sequence of the novel strain as compared with those of its closest relatives. The genome sequence of strain FJAT-27997 T and B. simplex DSM 1321 T had recently been sequenced by Beijing Novogene Bioinformatics Technology (Fig. S3 ). Genomes of the most closely related species selected above were retrieved from GenBank in NCBI. Average nucleotide identity (ANI) calculations were performed using two platforms, namely the EzGenome (http://www.ezbiocloud.net/ezgenome/ani) and the JSpecies software (http://www.imedea.uib.es/jspecies). The ANI value of strain FJAT-27997 T with the most closely species B. simplex DSM 1321 T was 71.33 % (EzGenome) and 71.60 % (JSpecies) ( Table 1) , and all ANI values were below the 96 % cut-off value previously proposed for the genus Bacillus (Goris et al., 2007; Liu et al., 2013) . This clearly indicated that strain FJAT-27997 T belongs to a novel species of the genus Bacillus.
Estimation of in silico DNA-DNA hybridization (isDDH) was performed using the Genome-to-Genome Distance Calculator (GGDC) (Auch et al., 2010; Meier-Kotloff et al., 2013) . The partial genome files were uploaded to the GGDC 2.0 web interface (http://ggd-c.dsmz.de/ distcalc2. php) and Formula 2 was used as recommended for the calculation of isDDH values for the complete genomes. The isDDH value of strain FJAT-27997 T with B. simplex DSM 1321 T was <70 % (Wayne et al., 1987) confirming that they represent different taxa (Table 1) .
Here, we also compared the genome sequence of strain FJAT-27997 Six different growth temperatures (25, 30, 37, 45, 50 and 55 C), nine NaCl concentrations (0, 2.5, 5, 7.5, 10, 15, 20, 25, 30 %, w/v) and ten pH values (5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 10, 11) were tested. Growth of strain FJAT-27997 T occurred at all tested temperatures (optimum at 37 C), between 0 % and 3.0 % (w/v) NaCl concentration (optimum at 0 %) and at pH in the range 6.0-9.0 (optimum at pH 7). Colony morphology was observed on sheep blood agar (bio-M erieux) after 24 h of aerobic incubation under optimal growth conditions. Colonies of strain FJAT-27997 T were circular, white, smooth and 1-2 mm in diameter. The Gram staining and KOH lysis tests were carried out according to the methods described by Gregersen (1978) and Smibert & Krieg (1994) . Endospores were examined according to the Schaeffer-Fulton staining method . Motility was examined on motility agar (Chen et al., 2007) . Catalase activity was determined by investigating bubble production with 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (v/v) tetramethyl-p-phenylenediamine. Cell growth under anaerobic conditions was determined in a CO 2 incubator on anaerobically prepared maintenance media. Cell size was determined by scanning electron microscopy (Jeol); the rod-shaped cells had a length ranging from 1.5 to 2.5 µm (mean 2.0 µm) and a diameter ranging from 0.8 to 1.3 µm (mean 1.05 µm) ( Fig. S4) .
Strain FJAT-27997 T exhibited catalase activity but oxidase activity was negative. Using the commercially available API 50CH system (bioM erieux) according to the manufacturer's instructions, a positive reaction was observed for erythritol, ribose, glucose, fructose, inositol, mannitol, methyl a-D-glucoside, arbutin, aesculin, saligenin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, raffinose and xylitol. Other tests were negative. Using the API 20E system (bioM erieux), citrate utilization, indole production, nitrate reduction and urease reaction were positive, but b-galactosidase, H 2 S production, hydrolysis of gelatin and arginine dihydrolase, b-galactosidase, Voges-Proskauer test, lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase were negative. The following compounds were not utilized as sole carbon or nitrogen sources: glucose, mannose, inositol, sorbose, rhamnose, sucrose, melizitose, amygdalin and arabinose. The phenotypic properties that differentiate strain FJAT-27997 T from its closest phylogenetic neighbours are given in Table 3 .
For measurement of chemotaxonomic characteristics, the menaquinone system was analysed as described by Collins (1977) using reversed-phase HPLC (Groth et al., 1996) . The cell-wall peptidoglycan was isolated after disruption of the cells by shaking with glass beads and subsequent total hydrolysis (4 M HCl, 100 C, 16 h). The amino acids and peptides in the hydrolysate were analysed by two-dimensional ascending TLC on cellulose plates using previously described solvent systems (Schleifer, 1985) . Extraction and analysis of polar lipids by two-dimensional TLC was performed according to the methods described by Minnikin et al. (1979) . For determination of cellular fatty acids, strains were harvested after cultivation on TSA at 30 C for 48 h. The cellular fatty acids in the cell walls were extracted and analysed according to the standard protocol of the Microbial Identification System (MIDI) as tested by GC (model 7890; Agilent) (Sasser, 1990) . The menaquinone profile of isolate FJAT-27997 T comprised MK-7. Analysis of the cell-wall peptidoglycan showed that the isolate contained meso-diaminopimelic acid as the diagnostic diamino acid, as is typical of the large majority of members of the genus Bacillus (Priest et al., 1988 . The polar lipids detected were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid and phosphatidylinositol (Fig. S5 ). The cellular fatty acid profile of the strain comprised iso-C 15 : 0 (17.9 %), anteiso-C 15 : 0 (53.2 %), iso-C 14 : 0 (8.6 %), C 16 : 0 (6.8 %) and C 14 : 0 (6.1 %) as the major fatty acids (>4 %). The fatty acid profile of the novel strain was clearly qualitatively and quantitatively different from those of closely related species (Table 4 ). The iso-and anteiso-branched fatty acids of the 14-and 17-carbon series are typical for the genus Bacillus (K€ ampfer, 1994) .
Therefore, the phenotypic (morphology, biochemistry and chemotaxonomy), genotypic (DNA G+C content, 16S rRNA gene sequence) and taxono-genomic (isDDH and ANI) properties of strain FJAT-27997 T support its classification in a novel species within the genus Bacillus, for which the name Bacillus loiseleuriae sp. nov. is proposed.
Description of Bacillus loiseleuriae sp. nov.
Bacillus loiseleuriae (loi.se.leu'ri.ae. N.L. gen. n. loiseleuriae of the plant loiseleuria).
Cells are aerobic, Gram-stain-positive, endospore-forming, motile and rod-shaped with rounded ends. Cells have a length ranging from 1.5 to 2.5 µm (mean 2.0 µm) and a diameter ranging from 0.8 to 1.3 µm (mean 1.05 µm). Ellipsoidal endospores are located centrally. Growth is achieved aerobically between 20 and 35 C (optimum 30 C), between 0 and 3.0 % (w/v) NaCl (optimum at 0 %) concentration and at pH in the range 6.0-9.0 (optimum at pH 7.0). After 24 h of growth on nutrient agar at 30 C, colonies are circular, white, smooth and 1-2 mm in diameter. Catalase-positive but oxidase-negative. Using the commercially available API 50CH system (bioM erieux) according to the manufacturer's instructions, positive reactions are observed for erythritol, ribose, glucose, fructose, inositol, mannitol, methyl a-D-glucoside, arbutin, aesculin, saligenin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, raffinose and xylitol. Other tests are negative. Using the API 20E system (bioM erieux), citrate utilization, indole production, nitrate reduction and urease reaction are positive, but bgalactosidase, H 2 S production, hydrolysis of gelatin and arginine dihydrolase, b-galactosidase, Voges-Proskauer test, lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase are negative. The following compounds are not utilized as sole carbon or nitrogen sources: glucose, mannose, inositol, sorbose, rhamnose, sucrose, melizitose, amygdalin and arabinose. The cell-wall peptidoglycan contains meso-diaminopimelic acid and the major isoprenoid quinone is MK-7. The main polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The main fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 14 : 0 , C 16 : 0 and C 14 : 0 .
The type strain, FJAT-27997 T (=CCTCC AB 2015285 T =DSM 101776 T ), was isolated from rhizosphere soil of Loiseleuria from Sichuan province in China. The G+C content of the genome of the type strain is 37.54 %. 
